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Abstract: A 3-year-old East Friesian sheep from a sheep flock that suffered from chronic copper poisoning was forwarded
to the Clinic of Farm Animals in the Aristotle University. The animal had signs of a hemolytic disease indicative of
chronic copper poisoning and also nervous signs. Laboratory examinations were consistent with chronic copper
poisoning. This was confirmed after necropsy and liver toxicological analysis. By blood smear examination,
metarubricytosis, basophilic stippling, anisocytosis, and polychromasia were found. Also, brain histopathological
examination revealed focal areas of gliosis in the cerebral cortex and white matter areas. Satellitosis, neuronal degeneration
(chromatolysis) and neuronophagia were also observed. These findings are useful for the clinicians, as nervous signs in
flocks suffering from chronic copper poisoning can be attributed to this toxicosis. Also, this study adds in the
hematological findings of chronic copper poisoning, as the existing data in the literature are limited.
Key words: Sheep, chronic copper poisoning, acute encephalopathy, hematological findings

Introduction
Chronic copper poisoning is a hemolytic disease
that affects mainly sheep. The disease is rather
common in sheep industry, attributed to errors in
flock management as has been pointed out in various
studies (1-3).
The most common signs of chronic copper
poisoning are anorexia, thirst, depression, jaundice,
hemolytic anemia, hemoglobinuria, and increased
respiratory and pulse rate (1,4). Sometimes nervous

signs have been mentioned in animals with chronic
copper poisoning (1,3,5,6). It is accepted that copper
causes histological changes of CNS in sheep (7,8).
However, to date few studies have correlated the
nervous signs of chronic copper poisoning in sheep
with histopathological lesions of CNS in a small
number of animals (5,6).
In the hemolytic phase, the hematological findings
are typical of a hemolytic disease with reduced PCV
and hemoglobin (9), and Heinz body anemia (10).
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Basophilic stippling and the presence of many
metarubricytes (nucleated erythrocytes-nRBCs) in
blood smears were also mentioned once (4).
This paper describes a case of chronic copper
poisoning in a sheep with nervous signs and cerebral
histological changes. Hematological, biochemical, and
toxicological findings of the same animal are also
described.
Case history
In an intensively reared sheep flock of Northern
Greece that had losses due to simple chronic copper
poisoning, the responsible copper containing
concentrates were withdrawn, as well as sodium
sulfate and ammonium molybdate were daily
administered in the feed of the sheep and the
mortality rate was dramatically reduced. One week
after the start of the treatment a 3-year-old female
East Friesian sheep of this flock was forwarded to the
Clinic of Farm Animals. The animal was thirsty and
inappetent, had jaundice, hemoglobinuria, and
melena. Also the animal had nervous signs, as it was
depressed, blind, and had tetraparesis. Two blood
samples were taken with jugular veinpuncture, 1 with
EDTA as anticoagulant for hematology, and 1 without
anticoagulant for serum biochemical analysis.
Hematological examination was conducted with an
analyzer ADVIA 120 (Bayer), while blood smears
were stained with Giemsa. After blood sampling the
animal was euthanized.

Results and discussion
The blood hematological and biochemical values
of the sheep are shown in Tables 1 and 2. In the blood
smear were found 62 metarubricytes/100 white blood
cells (WBC), basophilic stippling, anisocytosis, and
polychromasia (Figures 1a and 1b).
Whole blood lead concentration was 30 μg/dL,
while serum and whole blood were found negative for
Maedi-Visna virus infection, as was pointed out with
AGID, ELISA, and semi-nested PCR in whole blood.
In necropsy the carcass was icteric and the liver
was discolorated. Gallbladder and spleen were
distended, while kidneys had a gunmetal color and
the urine had hemoglobinuria. No gross lesions were
detected in the brain and cerebellum. The brain was
routinely fixed by immersion in 4% buffered
formaldehyde. Coronal sections of different areas
from the cerebral hemispheres (frontal, parietal,
temporal, and occipital lobes) were embedded in
paraffin by a routine procedure. Histopathological
examination of the brain sections revealed focal areas
of gliosis in the cerebral cortex and white matter areas.
Satellitosis, neuronal degeneration (chromatolysis),
and neuronophagia were also observed (Figure 2).
Liver copper and lead were determined and found
to be 3800 mg/kg (dry matter basis) and 0.25 mg/kg
(wet weight basis), respectively.
According to the clinical, gross-pathological,
hematological, biochemical, and toxicological
findings, it was confirmed that the sheep suffered

Table 1. Hematological values of the examined sheep.
Parameter

Value

Reference
Values*

Parameter

Value

Reference
Values

RBC (× 106/μL)

4.32

9-15

WBC (/μL)

24,300

4000-12,000

15,000

-

3300

700-6000

Hb (g/dL)

6.1

9-15

WBC (/μL) corrected

PCV (%)

19.3

27-45

Neutrophils (/μL)

MCV (fL)

45

28-40

Neutrophils (band) (/μL)

450

Rare

MCH (pg)

14.1

8-12

Lymphocytes (/μL)

1800

2000-9000

MCHC (%)

31.59

31-34

Monocytes (/μL)

150

0-750

4.67

2.5-7.5

Metarubricytes (nRBCs)

62/100
WBCs

Rare

5

PLT (×10 /μL)
*

Schalm, O.W. (1986) In: Schalm’s Veterinary Hematology, 4th ed., Lea and Febiger, Philadelphia, USA.
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Table 2. Biochemical values of the examined sheep.
Parameter
AST (U/L)
γ-GT (U/l)
LDH (U/l)
Total Bilirubin (mg/dL)
Creatinine (mg/dL)
Serum copper (μg/dL)
Liver copper
Whole blood lead
Liver lead
1
2

Value

Reference Values

440
87
2,250
2.2
1.1
200
3,800 mg/Kg (d.m.)
30 μg/dL
0.25 mg/Kg (w.w.)

6-2801
20-521
238-4401
0.1-0.51
1.2-1.91
50-2001
100-3501
1-31 μg/dl2
< 20 mg/Kg (w.w.)2

Pugh D.G. (2002) Sheep and Goat Medicine, Saunders, USA
Underwood and Suttle (2004) The mineral nutrition of livestock, CABI, USA

Figure 1a. Anisocytosis,
polychromasia,
poikilocytosis,
basophilic stippling (double arrow), and 2
metarubricytes (nRBCs-arrow) (Giemsa, ×1000).

Figure 1b. Four
metarubricytes
(nRBCs-arrows)
polychromasia (Giemsa, ×1000).

and

from chronic copper poisoning. In chronic copper
poisoning nervous signs are not very common (3,5).
Copper seems to cause status spongiosus in sheep
CNS as a result of altered glial transport mechanisms
(7,8), though nervous signs have not been reported in
these cases. Also, polioencephalomalacia with gliosis
that was attributed to liver insufficiency and increased
plasma sulfur amino acids has been found in a sheep
with chronic copper poisoning (6). A similar gliosis
has been found at the junction of the molecular and
granular layers of cerebellum in sheep with chronic
copper poisoning (5).
Figure 2. Parietal lobe: Presence of satellite cells secondary to
neuronal degeneration and neuronophagia (arrows)
(H&E, ×200).

An interesting finding of this study was intense
metarubricytosis accompanied by basophilic
stippling, polychromasia, and anisocytosis.
Basophilic stippling accompanied by marked
365
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metarubricytosis and minimal polychromasia can
be an indication of lead toxicosis (11). In the
present study lead poisoning was excluded, as lead
levels in blood and liver were within normal limits
(12,13). Also, lead poisoning in sheep is manifested
mainly with signs of osteoporosis (14). Lewis et al.
(4) had similar hematological findings in sheep
suffering from chronic copper poisoning without
signs of the central nervous system. The difference
of the present study is that metarubricytes were

62/100 WBC, while 24/100 WBC in the study of
Lewis et al. (4).
Metarubricytosis found could be attributed to
intense erythrocytic regeneration or to premature
release from the bone marrow following anemiainduced hypoxia (15).
In conclusion, nervous signs with CNS gliosis as
well as metarubricytosis, basophilic stippling,
anisocytosis and polychromasia can be findings of
sheep chronic copper poisoning.
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